Objective: This study examines which cognitive measure best accounts for perseverations in individuals with memory impairment. Method: The sample included 85 individuals, of whom 21 had subjective memory concerns, 27 had mild cognitive impairment, and 37 had Alzheimer's disease. Participants produced responses on a semantic category fluency task and on the ideational fluency (IF) task from the Cambridge Cognitive Examination-Revised. Measures of word finding, working memory, and abstract thinking were also assessed. Results: Significant group differences in percentage of perseverations emerged on both tasks. No cognitive measure accounted for the percentage of perseverations on the semantic fluency task. A measure of abstract thinking was the best predictor of the percentage of perseverations on the IF task, followed by a measure of working memory. Conclusions: The underlying cognitive mechanisms that lead to perseverations differ across tasks, with perseverations on the IF task reflecting both conceptual deficits and working memory limitations.
Introduction
Individuals with memory impairments have been shown to produce perseverations on various tasks, both verbal (e.g., Bayles, Tomoeda, McKnight, Helm-Estabrooks, & Hawley, 2004; Gomez & White, 2006; Miozzo, Fischer-Baum, & Caccappolo-van Vliet, 2013) and non-verbal (e.g., Terada et al., 2011) . However, the rate of perseveration varies across tasks (Foldi, Helm-Estabrooks, Redfield, & Nickel, 2003) , across populations (Shindler, Caplan, & Hier, 1984) , and across the severity of memory impairment (Pekkala, Albert, Spiro, & Erkinjuntti, 2008) . The purpose of the current study is to examine which cognitive measure best accounts for the occurrence of perseverations on two production tasks performed by individuals with various levels of memory impairment.
Perseverations can stem from diverse underlying cognitive difficulties. Goldberg and Tucker (1979) suggested that perseverations originate from the inability to complete a previous activity as well as to switch from the current cognitive task to another task. According to Sandson and Albert (1984) , there may be several types of perseverations, some are linked to disorders of language, or to a failure to access specific information in semantic memory, others might be linked to limitations in working memory, and yet others might be related to inappropriate monitoring. Whether perseverations are defined as direct repetition of a previous response or inappropriate recurrence of a response from a preceding test, such errors have been considered to be early signs of Alzheimer's disease (AD) (Fuld, Katzman, Davies, & Terry, 1982; Shindler et al. 1984) . Indeed, Bayles, Tomoeda, Kaszniak, Stern, and Eagans (1985) showed that patients with AD repeated ideas when asked to describe common objects, and that dementia severity was associated with incidence of perseveration.
Fischer-Baum, Miozzo, Laiacona, and Capitani (2016) explain that word repetitions might reflect difficulty in activating an appropriate lexical item. If an item cannot be easily retrieved, the item that has just been generated will be repeated, as is the case in aphasia. Difficulties in word retrieval are not limited to aphasia, and are frequent in both normal aging and in AD. Thus, cognitively healthy older adults show a decline in word retrieval relative to younger adults on tests of picture naming and word generation (e.g., Connor, Spiro, Olber, & Albert, 2004; Goral, Spiro, Albert, Obler, & Connor, 2007; Kavé & Knafo-Noam, 2015; Kavé, Knafo, & Gilboa, 2010; Troyer, Moscovitch, & Winocur, 1997; Zec, Burkett, Markwell, & Larsen, 2007) . Moreover, many studies have documented deficient word production in individuals with AD relative to the performance of cognitively intact older people (e.g., Almor et al., 2009; Balthazar, Cendes, & Damasceno, 2008; Cuetos, Gonzalez-Nosti, & Martínez, 2005; Haugrud, Crossley, & Vrbancic, 2011; Henry, Crawford, & Phillips, 2004; Kavé & Goral, 2016; Masterson et al., 2007) . Hence, it is possible that word finding difficulties account for perseverations in individuals with memory impairments.
In addition to the inability to retrieve the appropriate response, perseverations might also reflect inhibitory deficits. Azuma (2004) argues that perseverations reflect the fact that during the attempt to retrieve additional responses, previous potential responses are accumulated in one's memory load, such that it becomes difficult to suppress repetitions. Participants may fail to suppress a response even when they know that the item has already been produced (Foldi et al., 2003) . Furthermore, studying individuals with AD, Miozzo and colleagues (2013) reported that perseverations on verbal fluency (VF) tasks involve responses that occur at a relatively long lag after the first mention of the word, thus reflecting deficits in working memory capacity. While it is hard to distinguish between impairments of inhibitory control and impairments of working memory, Crawford and Higham (2016) have recently demonstrated that each cognitive operation can be distinctly affected by dementia.
The vast majority of studies of verbal perseverations in individuals with memory impairments have focused on the phonemic and semantic VF tasks. Using such tasks, Gomez and White (2006) documented increased rates of perseverations in persons with AD relative to cognitively intact participants, and Marczinski and Kertesz (2006) documented increased rates of perseverations in individuals with AD relative to individuals with other types of dementia. Examining the occurrence of perseverations on four semantic categories, Pekkala and colleagues (2008) showed that individuals with moderate AD made significantly more perseverations on a VF task (21%) than did individuals with mild AD (12.3%). Miozzo and colleagues (2013) administered five VF tasks (two semantic categories and three letters) and found an overall 9.5% rate of perseverations in individuals with AD. However, other studies of VF tasks have documented rather few perseverations on these tasks in both cognitively intact individuals and in people with memory decline. For instance, Foldi and colleagues (2003) reported a rate of 1.72 perseverations on a semantic fluency task and a rate of 1.55 perseverations on a phonemic fluency task in healthy older adults. In addition, Traykov et al. (2005) reported that individuals with AD made an average of 0.9 perseverations per person, whereas those with no cognitive decline made an average of 0.3 perseverations per person. If individuals say very few words, even one repetition could reflect a high rate of perseverations, yet if they say only few words they might not perseverate at all. When the occurrence of perseverations is low, their utility in evaluation is limited and it is difficult to determine their underlying cognitive mechanism. Therefore, in the current study we focus on perseverations that are made not only on a VF task but also on an ideational fluency (IF) task.
According to Foldi and colleagues (2003) , task characteristics influence perseveration mechanisms. Specifically, if responses are retrieved from an already existing pool of items, there will be fewer perseverations than if completely novel responses must be generated. In contrast, Vannorsdall, Maroof, Gordon, & Schretlen (2012) suggest that VF tasks belong in a broader cognitive dimension that can be termed Ideational Fluency, which is not material specific. Thus, it is possible that the same rate of perseverations will be found on all fluency tasks. To the best of our knowledge, no study has looked at perseverations generated by persons with memory impairments on the IF task from the Cambridge Cognitive Examination-Revised (CAMCOG-R, Roth, Huppert, Mountjoy, & Tym, 1998) . On this task participants are asked to generate as many different uses as possible of a given object in 90 seconds. To receive a high score, one has to think flexibly and to shift mental set. While traditional VF tasks require retrieval of a set of items that belong in a given category, the IF task encourages novelty, which might be harder and more conducive to perseveration. Furthermore, perseverations produced on the IF task might reflect difficulties in conceptual thought rather than repetition due to word retrieval failure or due to impairment in working memory.
The present study thus examines the occurrence of perseverations on two tasks of word generation: VF and IF. These tasks were administered to individuals with various levels of memory impairment, divided into three severity groups. All participants also performed tasks that examined their word finding, their working memory, and their abstract thinking, and the analyses investigated whether these cognitive skills contribute to the prediction of perseveration rates.
Method

Participants
The sample included 85 individuals who were assessed at a psychogeriatric outpatient clinic of a large tertiary city hospital in Tel Aviv between October 2004 and October 2007. All participants expressed subjective concern about their cognitive status, which led them to approach clinical advice. Basic clinical requirements for test administration consisted of Hebrew proficiency, no significant sensory (sight, hearing) or motor difficulties, as well as no severe psychiatric or physical conditions that could interfere with testing. There were 157 files with all relevant information required for diagnosis as well as all test results. Preliminary exclusion criteria included abrupt onset of cognitive decline, fluctuating or reversible course of impairment, history of delirium, presence of cerebrovascular disease, or any other neurological, psychiatric, or systemic disease that would prevent a diagnosis of cognitive decline due to AD. Exclusion criteria were based on report, examination, laboratory tests, and imaging. There were no statistically significant differences in age, sex, and education between the 85 individuals who were included in the study and the 72 individuals who were not included in the study. Of the 85 participants who were included in the study, 21 had Subjective Concerns (SC) but no cognitive impairments, 27 had Mild Cognitive Impairment (MCI), and 37 were diagnosed with AD. Table 1 presents full sample characteristics.
Diagnosis followed DSM-5 criteria (APA, 2013) for major or mild neurocognitive disorder due to possible AD, and was based on a clinical interview, the total score on the CAMCOG-R (Roth et al., 1998 ; Hebrew version by Heinik, Werner, Mendel, Raikher, & Bleich, 1999) , CAMCOG-R memory and orientation subtest scores, as well as the Clinical Dementia Rating (CDR) scale (Hughes, Berg, Danziger, Coben, & Martin, 1982) . A total CAMCOG-R score above the 25th percentile or a subtest score above the 16th percentile were considered unimpaired. Thus, an individual who scored above those cutoffs was classified as SC. Using Jak and colleagues' (2009) liberal criteria, MCI was diagnosed in individuals with impairment in the total score or with impairment in the memory or orientation subtest scores (i.e., below the 16th percentile), but not in both total scores and subtest scores. We note that all individuals with MCI received one score that was either below or at the 16th percentile. To be diagnosed with AD, a participant had to obtain a total score below the 25th percentile as well as either a memory or an orientation subtest score below the 16th percentile. The CDR served to assess general level of functioning, with scores of 0 in the SC group, scores of 0 or 0.5 in the MCI group, and scores of 0.5 or 1 in the AD group (see Table 1 for mean group scores on screening tests). More details regarding the diagnostic procedure have been described elsewhere (Heinik & Kavé, 2015) . The study design and protocol were approved by the local Helsinki committee. Calculation of mean age at immigration to Israel did not include 26 individuals who were born in Israel: 7 in the SC group, 6 in the MCI group, and 13 in the AD group. An analysis that included the Israeli-born individuals (entered as 0) found no significant group differences in age at immigration.
Background Cognitive Tests
As part of the clinical evaluation all individuals were assessed with the Hebrew version of the Kingston Standardized Cognitive Assessment-Revised (KSCA-R, Hopkins, Kilik, Day, Rows, & Hamilton, 2004) . For the purpose of the current study, three subtest scores that could be related to perseverations were examined:
Word finding. Participants were shown 10 black and white drawings and were asked to name them. Each correct name received 1 point, with a maximum score of 10.
Digit backward. Participants were asked to repeat series of two to five digits starting from the last digit and going back. Successful repetition of at least one series of each length received 1 point, with a maximum score of 4.
Abstract thinking. Participants heard four pairs of words and were asked to say how the words in each pair were related to each other (e.g., How are shirt and sweater alike?). Abstract responses received 2 points whereas literal or partial responses received 1 point, with a maximum score of 8.
Fluency Tests
Verbal fluency. The VF test was administered as part of the CAMCOG-R (Roth et al., 1998) . On this test participants were asked to generate as many different words that belong to the category of animals. Instructions were: "Please say as many different names of animals as you can think of within 60 seconds." Correct responses included all animals that were said only once. A response was considered a perseveration if it was repeated verbatim. The perseveration rate was calculated as the percentage of perseverations out of the total number of correct responses and perseverations.
Ideational fluency. The IF task was administered as part of the CAMCOG-R (Roth et al., 1998) . On this task participants were asked to generate as many possible uses of a given object within a 90-second interval. Instructions were: "I am going to give you the name of a common object and I would like you to tell me as many uses for it as you can. For example, if the object is a sheet of paper it could be used to write on, to make a fan, or to make a paper plane. The uses do not have to be serious, they can be ridiculous or humorous as well, so let your imagination have a free rein. The important thing is to try to think of as many uses as you possibly can in the time given. Try to make the uses as different from each other as possible. Begin when I say the object and continue until I tell you to stop. Now, how many different uses can you think of for a BOTTLE?." A correct response was any possible use of a single bottle, pieces of a bottle, or numerous bottles, such as holding liquid, using a bottle as a weapon, smashing the bottle into pieces and using the pieces for art work, etc. A response was considered a perseveration if it was repeated verbatim or if the same idea was repeated with different examples. Thus, if a person said that bottles were used to hold water, beer, or orange juice, these responses were considered as one correct answer and two perseverations. The perseveration rate was calculated as the percentage of perseverations out of the total number of correct responses and perseverations.
Results
Descriptive statistics of performance on the two fluency tasks are presented in Table 2 . A one-way analysis of variance (ANOVA) yielded significant group differences in correct responses and in the percentage of perseverations on both the VF task and the IF task. All analyses remained significant after controlling for age. As can be seen in Table 2 , there were rather few perseverations on the VF task. While group differences in the number of perseverations did not reach significance, F (2, 82) = 3.063, ns, differences in the percentage of perseverations were significant, F (2, 82) = 4.479, p < .05. Post hoc tests yielded significant differences in the percentage of perseverations on the VF task between the AD and the SC groups, t (56) = −2.030, p < .05, as well as between the AD and MCI groups, t (62) = −2.253, p < .05. There was no significant difference between the SC and MCI groups. In contrast to the low rate of perseverations on the VF task, the majority of the sample made one or more perseveration errors on the IF task, and the groups differed in both the number and in the percentage of perseverations (see Table 2 ). Post hoc tests that compared the percentage of perseverations on the IF task across groups showed that the AD group differed significantly from the SC group, t (56) = −4.434, p < .001, as well as from the MCI group, t (62) = −3.726, p < .001. There was no significant difference between the SC and MCI groups. A paired-samples comparison of the percentage of perseverations on the VF task (2.89%) and on the IF task (30.22%) across the entire sample showed that participants perseverated significantly more often on the IF task, t (84) = −10.256, p < .001.
Descriptive statistics of performance on the three cognitive subtests from the KSCA-R are presented in Table 3 . As can be seen in the table, a one-way ANOVA yielded significant group differences for the word finding subtest, for the digit backward subtest, as well as for the abstract thinking subtest. All differences remained significant after controlling for age.
Next, we investigated the correlations between demographic variables and cognitive measures on the one hand and percentage of perseverations on the other hand. These analyses were conducted for the entire sample together. The percentages of perseverations on the VF and IF tasks were significantly correlated with each other, r = 0.331, p < .01. Severity of cognitive impairment, as measured by the CAMCOG-R total scores, was correlated with the percentage of perseverations on the VF task, r = −0.318, p < .01, as well as on the IF task, r = 0.398, p < .01. As can be seen in Table 4 , age, age at immigration, and level of education, as well as all three cognitive measures, did not correlate with the percentage of perseverations on the VF task. Age and age at immigration did not correlate with the percentage of perseverations on the IF task as well. Yet, the level of education correlated negatively and significantly with the percentage of perseverations on the IF task. In addition, all three cognitive measures were negatively and significantly associated with the percentage of perseverations on the IF task.
To examine what predicts the percentage of perseverations, we ran three exploratory linear regression analyses that included data from the entire sample, one for each cognitive measure. Because none of the cognitive measures correlated with the percentage of perseverations on the VF task, we conducted these analyses for the IF task alone. Since the level of education correlated with the percentage of perseverations on the IF task, we entered education in the first step of the regression, and then examined whether each of the three cognitive scores (i.e., word finding, digit backward, and abstract thinking) Note: SC = Subjective Concern; MCI = Mild Cognitive Impairment; AD = Alzheimer's disease; F = Results of a one-way ANOVA comparing the three diagnostic groups. Group comparisons remained significant after controlling for age. **α = 0.001.
contributed to the prediction of percentage of perseverations beyond the contribution of education. Results of these analyses are presented in Table 5 . As can be seen in the table, the level of education accounted for 4.6% of the variance in the percentage of perseverations on the IF task. Word finding scores accounted for additional 5.3% of the variance, whereas the other two cognitive scores accounted for just over 13% of the variance beyond education. Finally, we ran an exploratory stepwise regression analysis that included education and all three cognitive scores in order to examine which cognitive measure best accounts for the variance in the percentage of perseverations when all relevant measures are considered together. This analysis showed that abstract thinking scores accounted for 16.1% of the variance, and digit backward scores accounted for an additional 6.3% of the variance in the percentage of perseverations. Level of education and word finding scores were not retained in the model.
Discussion
Our study shows that persons with AD produce a significantly greater rate of perseverations on both the VF task and the IF task than do individuals with either subjective memory concerns or MCI. No significant differences were found between the latter two groups. These results are in line with previous research that documented increased rate of perseveration in AD, despite the diversity of tasks on which such errors have been recorded and despite varying definitions of perseverations (e.g., Bayles et al., 1985; Gomez & White, 2006; Miozzo et al., 2013; Marczinski & Kertesz, 2006; Shindler et al., 1984; Terada et al., 2011) . As shown by Pekkala and colleagues (2008) , we also found that the rate of perseverations increases with the severity of cognitive decline. These findings underscore the utility of perseverations in distinguishing between AD and milder levels of memory impairments.
Importantly, participants made rather few perseverations on the VF task. The percentage of perseverations on this task correlated with the general level of cognitive ability, as measured by total CAMCOG-R scores (Hughes et al., 1982) , as well as with the percentage of perseverations on the IF task. Yet, none of the more specific cognitive skills that we tested was associated with the rate of perseverations on the VF task. We note that previous studies of perseverations on the VF task have generally used more than one category (e.g., Miozzo et al., 2013; Pekkala et al., 2008) , thus documenting more perseverations than were found in our sample. Although we used a measure of the rate of perseverations that should be insensitive to the total number of correct responses, it is possible that the category of animals led to fewer perseverations than the categories that were used in previous research. It is likely that no cognitive measures correlated with the percentage of perseverations on the VF task because there were too few perseverations on this task. Note: Three exploratory linear regression analyses were conducted with the level of education in the first step and each of the cognitive measures in the second step. The stepwise regression analysis included level of education and all three cognitive measures.
While only a minority of participants perseverated on the VF task, the majority of participants produced perseveration errors on the IF task, and this was the case for the entire sample as well as within each group separately. The difference in rate of perseverations between the two fluency tasks supports Foldi and colleagues' (2003) conclusion that task characteristics influence perseveration mechanisms. Since responses on the VF task are derived from one's stored knowledge of animal names, it is easier to keep in mind which item has already been retrieved. In contrast, responses on the IF task are supposed to be novel, and are thus more conducive to perseverations. Thus, the IF task might highlight the tendency of individuals with memory impairment to perseverate, and might be better in demonstrating this tendency than is the semantic VF task.
To examine whether perseverations reflect impairments in word finding, in working memory, or in abstract thinking, we examined three measures that assessed these skills. As expected, there were significant group differences in all cognitive subtests, with worst performance in the AD group. Scores on each of these cognitive subtests accounted for a significant share of the variance in the percentage of perseverations on the IF task beyond the contribution of education. However, when all scores were entered into an exploratory stepwise regression analysis that predicted the percentage of perseverations, scores on the abstract thinking and digit backward subtests remained the only significant predictors. These results suggest that perseverations on the IF task reflect impairment in conceptual retrieval of novel responses as well as difficulty in working memory. The findings partially support Miozzo and colleagues' (2013) conclusion that a deficit in keeping track of the responses that had already been generated and impairment in monitoring behavior are the source of perseverations in AD. Nevertheless, our findings suggest that impairments in working memory are not the only mechanism that leads to perseverations on the IF task. The source of perseverations on the two fluency tasks might differ because the IF task involves abstract thinking, which is not essential for the semantic VF task that we used. Thus, on a task that relies more heavily on novelty, working memory requirements might be only a secondary source of perseverations, with the main difficulty lying in the inability to generate responses that differ conceptually from each other.
We acknowledge that our study has some weaknesses. First, both fluency tasks were limited in time, so that a person who produced a response that was coded as perseveration had less time to produce a correct response. Thus, there was some dependency between the number of correct responses and the number of perseverations that could possibly be produced. Second, because of the limited time and the limited number of tasks (one semantic category as opposed to four or more in other studies of VF), participants produced relatively few perseverations, precluding classification of error types, as done before (e.g., Fuld et al., 1982; Pekkala et al., 2008) . Third, we did not administer the phonemic fluency task. This task might be a better test of executive functioning than is the semantic fluency task (e.g., Rosser & Hodges, 1994; Troyer, Moscovitch, Winocur, Alexander, & Stuss, 1998) , and it would be interesting to see whether the rate of perseverations would be low on the phonemic fluency task, as it was on the semantic fluency task, or higher as it was on the IF task.
In conclusion, our study suggests that prevalent occurrence of perseverations might be a hallmark of AD, although they are more easily documented on the IF task than on the VF task. In addition, perseverations on the IF task reflect impairment in both conceptual thinking and working memory. These perseveration errors could be used to distinguish between individuals with differing levels of memory impairments.
